INTRODUCTION
============

There is increasing evidence that higher levels of high-sensitivity C-reactive protein (hsCRP) is a predictor of cardiovascular disease (CVD), and may play an important role in the different stages of the development of atherosclerosis ([@B1], [@B2]). The predictive value of CRP was found in apparently healthy subjects ([@B3], [@B4]), in patients with established CVD ([@B5]), in several subgroups of the general population ([@B6]) and both in men and women ([@B7]).

In healthy subjects even a moderate increase of hsCRP within the normal range (hsCRP \<5 mg/L) is considered to be predictive for a variety of cardiovascular events, independent from other cardiovascular risk factors ([@B1], [@B2], [@B10]). The mechanism responsible for this acute phase response in CVD is not yet completely understood. The association between inflammatory markers and other risk factors of CVD, such as age, gender, smoking habits, obesity, diabetes mellitus, education level and social class, low and high-density lipoprotein-cholesterol, high levels of triglycerides, insulin resistance and physical activity supports the idea that the inflammatory markers might be the expression of intermediate mechanisms ([@B7], [@B9]-[@B11]).

In order to prevent the incidence of CVD effectively, it is important to weigh the influence of each risk factor on the cardiovascular system. In this context, it must be taken into consideration that various cardiovascular factors are not independent of one another, but have direct or indirect relations ([@B7]). For example, the prevalence of hypertension increases with age and hyperlipidemia or glucose intolerance lead to hypertension, which is another main risk factor for coronary heart disease. Effective prevention of CVD should be started with unraveling the network of multiple risk factors ([@B7]). The reduction of cardiovascular risk by lifestyle changes, such as diet, weight loss, exercise and smoking cessation has been linked to lower hsCRP levels ([@B11], [@B12]).

In this respect, the relation of inflammation markers to other risk factors are not well understood. Few studies, however, have explored interrelations between levels of CRP and other cardiovascular risk factors, and data from these reports have been inconsistent ([@B13]). So this study was performed to identify the relationship between serum hsCRP and traditional cardiovascular risk factors of the community health-check survey participants in a rural area.

MATERIALS AND METHODS
=====================

Study subjects
--------------

Two-hundred two subjects participated the questionnaire survey and health examination program and aged 50 and over years. They are residents in Changneong, Singi, Mokchon, Pyungsa and Singeon villages of Suncheon city, Jeollanamdo. They are supposedly interested in their health state because they voluntarily applied to this survey program. Of 202 subjects examined in this study, few subjects had diseases history (coronary heart disease, stroke, chronic renal failure, cancer, etc.) except hypertension and plasma levels of log-transformed hsCRP were not different between subjects without diagnosed diseases and subjects with diseases. So we analyzed all 202 subjects who participated in this survey.

Data collection methods
-----------------------

The program of this study included the questionnaire survey, physical examination and laboratory examinations, such as, blood cell counts, blood lipid profiles and blood chemistry. The physical examination and blood sampling were performed by trained study staffs who were composed of medical student, nursing students and nurses.

Information about socio-demographic variables such as age, sex, educational level, socioeconomic status, marital status, experiences of cigarette smoking and alcohol consumptions was obtained by a self-administered questionnaire. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m^2^). Blood pressure was measured twice on at least 5-min interval by mercury sphygmomanometer with the subject in a sitting position and the averaged value was used for analyses.

Antecubital venous blood was collected into a plain tube and a tube containing EDTA (1 mg/mL) in the morning after the subjects had fasted overnight. Plasma was separated by centrifugation at 4℃ and stored at -80℃ until assayed. Routine laboratory tests, including blood cell counts, blood lipid profiles and blood chemistry, were performed using automatic analyzers. Plasma levels of hsCRP were measured by a immunoturbidimetry on Cobas Integra 700 analyser (Roche, Germany). For hsCRP, we used reagents containing specific monoclonal (CRP) antibody coated to polystyrene particles (Roche).

Statistical analysis
--------------------

SPSS, version 9.0 (SPSS Inc., Chicago, IL, U.S.A.) was used for all statistical calculations. Characteristics of the study subjects were expressed by means and standard deviations for continuous variables. Categorical variables were presented as absolute and relative frequencies. Due to the skewed distribution of hsCRP levels, we used its natural log-transformation in the analysis and presented geometric mean and geometric standard deviation. Comparisons between general and clinical characteristics and sex were performed by Student t-test and chi-square test. Natural log-transformed hsCRP levels of three or more groups were compared using analysis of variance (ANOVA) followed by Scheffe\'s post hoc test. Correlation coefficients between hsCRP and continuous variables were calculated by Pearson\'s correlation analysis and partial correlation coefficients were computed after adjustment for age. Finally stepwise multiple linear regression analysis was used to evaluate relationships between hsCRP and cardiovascular risk factors. The dichotomous variable such as smoking experience was put into categories, 0 (no) and 1 (yes). A *p*-value of \<0.05 was considered to indicate statistical significance.

RESULTS
=======

General characteristics of the 202 subjects, 75 men and 127 women, are listed in [Table 1](#T1){ref-type="table"}. There were statistically different distributions in general characteristics between men and women. In particular, men had higher educational level, more married status, more frequent smoking and alcohol drinking experiences.

There were well-expected differences in physical and laboratory findings between men and women. Men had higher white blood cell count, hemoglobin, hematocrit, and total cholesterol levels and lower HDL-cholesterol and LDL-cholesterol levels than women. HsCRP levels, however, was not significantly different between men and women ([Table 2](#T2){ref-type="table"}).

[Table 3](#T3){ref-type="table"} shows geometric means and geometric standard deviations of hsCRP levels according to general characteristics. HsCRP levels were significantly higher in persons who had smoking experience.

[Table 4](#T4){ref-type="table"} shows the results of unadjusted and age-adjusted correlation analyses of factors relating to log-transformed hsCRP level. Plasma hsCRP level had significant positive correlation with age, body mass index, diastolic blood pressure, fasting blood glucose and white blood cell counts. Although the correlation between plasma hsCRP and HDL-cholesterol was negatively significant, other blood lipid profile, such as total cholesterol, triglyceride and LDL-cholesterol did not significantly correlate with hsCRP. Adjustment for age had minimal impact on these association.

The results of stepwise multiple regression analysis is shown in [Table 5](#T5){ref-type="table"}. In stepwise multiple regression analysis, white blood cell counts, age, fasting blood glucose, smoking and body mass index remained as factors showing independent association with plasma hsCRP, and these factors accounted for 16.5% of the variance in hsCRP levels.

DISCUSSION
==========

Several prospective epidemiologic studies have demonstrated a positive association between CRP levels and the risk of future cardiovascular disease ([@B14]). Risk factors of cardiovascular diseases are often related to one another. For example, hypertension is often associated with glucose intolerance and hypercholesterolemia. Simple reduction of blood pressure or lowering of serum lipids alone may reduce the risk of cardiovascular diseases to some extent ([@B15]). Therefore, in order to prevent the occurrence of cardiovascular diseases more effectively, comprehensive reductions of cardiovascular risk factors should be considered, and it is important to understand the interrelationship of each risk factor ([@B7]).

With regard to the pathogenesis of cardiovascular diseases, the inflammatory response is now considered to be independent risk factor to the development of cardiovascular diseases ([@B16]). Especially inflammatory components are believed to contribute greatly to instability and rupture of atheromatous plaque that leads to atherothrombotic events ([@B17], [@B18]).

CRP is an acute phase reactant, which is marker for underlying systemic inflammation. When measured with a high sensitivity assay, CRP levels also appear to have predictive value for cardiovascular morbidity and mortality. Moreover, baseline levels of CRP predict the risk of future myocardial infarction, stroke, and peripheral atherosclerosis, even after adjustment for other known cardiovascular risk factors ([@B14]).

So in this study, we investigated the factors relating to the plasma hsCRP level. As a result of our analysis, white blood cell counts, age, fasting blood glucose, smoking and body mass index are the independent factors relating to plasma hsCRP level. In addition, blood pressure (BP) and HDL-cholesterol level also had significant correlations with plasma hsCRP. These results are consistent with current evidence supporting the importance of inflammation in atherogenesis. Similarly, these data suggest important relationships between inflammation and traditional cardiovascular risk factors.

Inflammation has been hypothesized to play a role in the development of hypertension, and several cross-sectional studies demonstrate higher CRP levels among those individuals with elevated BP ([@B14], [@B19], [@B20]). CRP has been reported to decrease production of nitric oxide by endothelial cells, and thus might indirectly promote vasoconstriction, leukocyte adherence, platelet activation, oxidation, and thrombosis. CRP also has been reported to have proatherosclerotic properties by upregulating angiotensin type I receptor expression, affecting the renin-angiotensin system and contributing to the pathogenesis of hypertension ([@B21], [@B22]).

In those studies ([@B14], [@B19], [@B20]), CRP has been more strongly associated with systolic BP than diastolic BP, which is consistent with the emerging importance of systolic BP as a means of cardiovascular risk prediction. But in this study, diastolic BP was more strongly correlated with CRP than systolic BP, and BP was not associated with hsCRP in multivariate analysis.

It is conceivable that components of insulin resistance syndrome, such as hypertension, glucose intolerance and dyslipidemia promote atherosclerosis which involves inflammatory process ([@B7]). In our study, blood glucose and diastolic blood pressure was associated with levels of plasma hsCRP.

Smoking is well supposed to give chemical and oxidative stimuli to the cardiovascular system and cause inflammation ([@B13]). It has recently been reported that moderate alcohol consumptions reduces circulating CRP ([@B23]). But in the present study, when we divided the subjects according to the alcohol drinking status, the plasma hsCRP level was not significantly affected by the alcohol drinking.

We know from literature that CRP has been positively associated with body weight and fatness in men and women of different ages ([@B24]-[@B26]). More precisely, central obesity and the presence of visceral adipose tissue might be a key promoter of low-grade chronic inflammation ([@B24]). Fat cells produce cytokines, in particular IL-6 that induces the synthesis of CRP by the liver. This may be of pathogenic significance as CRP stimulates the uptake of LDL by macrophages, induces complement activation which may cause cellular damage in the artery, and enhances monocyte production of tissue factor, thus enhancing the risk of thrombosis ([@B25]). A recent study suggested that both in cross-sectional and in longitudinal studies body mass index but not physical activity is associated with CRP ([@B27]). These results are similar to the results we found in multivariate analysis.

We analysed that CRP was negatively related to HDL-cholesterol in correlational analysis, but it was no longer significant after control for other risk factors. The negative association between CRP and HDL-cholesterol might be explained by interaction between CRP and very low density lipoproteins ([@B28]).

Several limitations of these data should be taken into account. First, because of the cross-sectional design, relationships between hsCRP and other cardiovascular risk factors cannot be deemed causal in nature. Additionally, it is impossible that unmeasured variables may account for the relationships observed. Last, because our study subjects consisted of a relatively healthy and older volunteer population in a rural area, caution should be exercised when generalizing these data to other general populations. Despite these limitations, inherent with any cross-sectional studies, our results are consistent with known previous reports and are supported by biological plausibility.

In summary, CRP are independently related to several clinical cardiovascular risk factors among general population in some rural area. Further what we need now are prospective studies to evaluate the association of C-reactive protein concentrations with subsequent cardiac events.
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mean (SD)^\*^, mean (standard deviation).
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^\*^mean±SD: mean±standard deviation.
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^\*^: Geometric mean (geometric standard deviation).
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^\*^HDL, high density lipoprotein; ^†^LDL, low density lipoprotein.
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R^2^=16.5%.
